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1. Fi6pI/I,I[He [1JIa3MOBO-yIrOBE 3BAPIOBAHHA 3 KOaKCiaJIbHUM pOSMiIILeHHHM AYTr'Y IJIaBKOTO €JIEKTPOLY.

2. Hybrid plasma-arc welding with the coaxial placement of the arc of the fusible electrode.

Pedepar:

1. B po6oTi po3B’a3aHa akTyajibHa HAYKOBO-TEXHI4YHA 33/1a4a CTBOPEHHS TEXHOJIOTIYHUX ITPUHOMIB i 061a4HAHHS
ribpyuHOTrO 11J1a3MOBO-/1yTOBOTO 3BapIOBaHHS BYIJIELIEBUX, JIETOBAaHUX CTajlell, ajlloMiHi€BUX CIIJIaBiB /1J1s
NiABUILEHHS] MEXaHIYHUX XapaKTEPUCTUK OLEP>KyBaHMX 3'€JHAaHb Ta 3MEHIIEHHS CO6IBapTOCTI 3a paxyHOK
3HIDKEHHS [IOTOHHOI eHeprii i 30epesKeHHs BMICTY JIeTyI0YMX €JIEMEHTIB B IBaX IUISIXOM MO€IHAHHS
PO3PaxyHKOBOTO MiAXOAY 3 €KCIIEPUMEHTAJIbHUMU NOCiI)KeHHsAMU. Ha OCHOBI aHasi3y Cy4acHOro CTaHy
ribpyUHOrO 11J1a3MOBO-/1yTOBOTO 3BapIOBAHHS IJIaBKMM €JIEKTPOJOM I10KA3aHO, 1110 HasIBHICTb I1J1a3MOBOI JyTU

IIPUBOAUTD O PIBHOMIPHOTO PO3IOAiNY oYU 3 IIJIABKUM €JIEKTPOIOM IIO BCii MOBEPXHI KpaIlii, sika POPMYy€ETbCS



[IpY MaCOIIEPEHOCI, 3MEHIIEHH 1iJIbHOCTI CTPYMY Ha ii TOBEPXHi i 3HAYHOMY 3HMKEHHIO PiBHS IIEPErPiBY NIOBEPXHI
KpaIuli Ta, SIK HaCJIiIOK, 3MEHIIEHHIO BUTOPAHHS JIETKOIIABKUX JIETYIOYUX €JIEMEHTIB €JIEKTPOJHOIO IPOTY.
BcTaHOBJIEHO, 10 BIUIMB JyTU 3 IJIABKUM €JIEKTPOOM Ha I171a3MOBY YTy 3BOPOTHOI ITOJISIPHOCTI y ITO€HAHHI 3
Mopu@ikaliero razoguHaMiKy MIa3MOyTBOPIOIOYOTO ra3dy CTBOPIOE YMOBY LIMKJIIYHOTO [IEPeMillleHHS aHOOHO]
IIJIIMU 110 pO60YOMY TOPLIO KiJIbLIEBOT'O HEIJIABKOT'O eJIEKTPOY, 110 MifIBUIILYyE PECYPC HOro eKCITyaTalii.
BcraHoBI€HO, 1110 IpU Ii6pUAHOMY I171a3MOBO-IyTOBOMY 3BapioBaHHi crasei tuiy 09I'2C, AISI304 i antomiHieBUX
craBiB AMr6, 1561, 5083, 7075 toBmuHoW0 A0 10 MM i3 mBunkoctsmu 15-60 M /roa. norona enepris (plasma+MIG)
cTaHoBUTH (450...750)+(250...750) k)X /MM, 1[0 103BOJISIE€ MiHIMI3yBaTH BUTOPAHHS JIETKUX JIETYIOUNX €JIEMEHTIB i
3a6e3MeYnTy MIl[HICTb 3'€IHaHb 3 aMIOMiHiEBUX CrIaBiB Ha piBHI 85-95% Ta ix BimHOCHE BunmoBKeHHs 00 80% Bin
IIOKa3HUKIB OCHOBHOI'O ME€TaJly Y CIIOJIyY€HHI i3 3aiuKoBUME fedopMallissMy pubausHo Ha 40% MeHIIMMU 3a
TaKi g1 MIG 3BapioBaHHA i 3a/IMIIKOBMMU HANIPYKEHHAMM Ha piBHI Takux A1 MIG 3BapioBaHHS. 3 METOIO
[OKpAIleHHS] MeXaHiYHUX BJIACTUBOCTEN Ta MiJBUIIEHHS eKOHOMIYHOCTI OJlep>KaHHS 3BapHUX 3'€JHAHb
aJIIOMiHi€EBUX CI1JIaBiB CTBOPEHO TEXHOJIOTIYHI IPUHOMU TiOPHIHOTO [1J1a3MOBO-IyTOBOI'O 3BapIOBaHHS, SIKi
IO3BOJISIIOTh 3HU3UTH IIOTOHHY eHeprito Ha 40% nopiBHsHO i3 MIG nponjecoM Ta MiHiMi3yBaTu €(pEKT BUTOPaHHS
TaKuX JIETYIOUMX €JIEMEHTIB, sIK Mg (<5%), Mn (<15%) Tomo. CTBOPEHO MaTeMaTUYHY MOJEJIb, sIKa 103BOJISIE
CIIPOTHO3YBATH AVHAMIKY IIJIaBJIEHHS €JIEKTPOIHOrO APOTY 3a HASBHOCTI OTOYYIOYO] I1JIa3MOBOi AYTY i BU3HAYUTHU
BIUIUB JyTY IJIABKOTO €JIEKTPO/IY Ha BOJIbT-aMIIEPHY XapaKTEPUCTHUKY I171a3MOBOi yru. PO3p0671€HO, BUTOTOBJIEHO i
BIIPOBAJKEHO B ['yaHIIlyHCLKOMY iHCTUTYTI 3BapioBaHHs (M. ['yanuwkoy, KHP), a TakoxX B 3BapIoBajibHiii akI[iOHEPHIN
komnanii «<HUAHENG» (m. Kynbians, nposinuis L3sHcy, KHP) kommnekce o61agHaHHS 4715 TiOPUAHOTO M171a3MOBO-
IyrOBOTO 3BapIOBAHHSI IJIABKUM €JIEKTPOLOM, 3 BUKOPUCTAaHHSM SIKOTO BUTOTOBJIEHO MAPTIiI0 €JIEMEHTIB CYLOBUX
KOHCTPYKIIii1 3 anmoMiHieBuX criasiB 1561 i 7075 TOBIMHOIO 5-8 MM Ta CTajlell TOBLUIMHOIO /10 12 MM 3a OAMH MPOXif,

6€3 po3pOoOKHU KpaKoK.

2. The paper addresses the current scientific and technical challenge of creating technological methods and
equipment for hybrid plasma-arc welding steels and aluminum alloys to increase the mechanical characteristics of
the obtained joints while simultaneously reducing costs by means of reducing heat input and maintaining the
content of alloying elements in the seams by combining the calculated approach with experimental studies. Based
on the analysis of the current state of hybrid Plasma-MIG welding, it is shown that the presence of plasma arc
leads to uniform distribution of the arc with a melting electrode over the entire surface of the droplet, which is
formed during mass transfer, reducing current density on its surface and significantly reducing of the temperature
of the droplet surface and, as a consequence, reducing the burnout of low-melting alloying elements of the
electrode wire. It is established that the influence of the arc with a fusible electrode on the plasma arc of positive
electrode polarity in combination with the modification of the gas dynamics of the plasma-forming gas creates
conditions for cyclic movement of the anode spot along the working end of the annular nonfusible electrode,
which increases its service life. It was established, that at hybrid plasma-arc welding of steels such as Q235,
AISI304 and aluminum alloys AMg6, 1561, 5083, 7075 thickness up to 10 mm with speeds of 15-60 m/h heat input
(plasma+MIQG) is (450...750)+(250...750) kJ /mm, which allows to minimize the burning of light alloying elements and
ensure the strength of the compounds of aluminum alloys at the level of 85-95% and their relative elongation to
80% of the parameters of the base metal in combination with the residual deformations are up to 20- 40% less
than those for MIG welding and residual stresses at the level of such for MIG welding. In order to improve
mechanical properties while increasing the cost-effectiveness of obtaining welded joints of complex alloyed
aluminum alloys, technological techniques of hybrid plasma arc welding have been created, which allow to reduce
the heat input up to 40% in comparison with the MIG process and minimize the burning effect of such alloying
elements as Mg (<5%), Mn (<15%). A mathematical model was developed. It allows to predict the dynamics of the
melting of the electrode wire in the presence of the surrounding plasma arc and to determine the influence of the
MIG arc on the volt-ampere characteristics of the plasma arc. Developed, manufactured, and implemented in the
Guangdong Welding Institute (Guangzhou, China), as well as in the Welding Joint Stock Company "HUAHENG"
(Kunshan, Jiangsu Province, China) a set of equipment for hybrid Plasma-MIG welding. Using this set of equipment
a batch of elements of ship structures was manufactured which made of aluminum alloys 1561 and 7075 with a



thickness of 5-8 mm and steels up to 12 mm thick in one pass without the development of edges.
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